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Abstract: Minimum quantity lubrication (MQL) machining involves the application of small 
quantity of lubricant to the tool-workpiece interface. This paper describes the results of aninves- 
tigalion on the effects of using different MQL lubricants (synthetic ester and palm oil) on the 
drilling of Ti-6Al-4V. Dry cutting was also performed for comparison purposes. It was found that 
&-filing under dry condilions resulted in the shortest tool life due to severe chipping. MQL is 
beneficial to the measured responses such as tool life, thrust force, torque, and temperature. The 
outstanding performance of palm oilin reducing thevalue of thoseresponses was attributed toits 
ability to form a thin film which promoted boundary lubrication during the machining process. 
The presented results indicated the substantial benefit of using palm oil in terms of microhard- 
ness, surface roughness, and subsurface deformation. This work shows that palm oil can be used 
as a viable alternative to a synthetic ester as a MQL lubricant. 
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1 INTRODUCTION 
Cutting fluids, especially fluids containing oil, have 
3 m x m r r ~ e r m i -  
ronmental hazards they pose. Driven by anincreased 
awareness of environmental and health issues, indus- 
try has made effoas to eliminate or reduce their con- 
sumption of these fluids. This can be achieved by 
implementing near-dry machining or a minimal 
quantity of lubrication (MQL) approach. In dry 
machining, increased friction and adhesion occur at 
the tool-workpiece interface which results in a high 
tool wear rate [I]. In contrast, the MQL technique 
involves the application of a small quantity of 
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lubricant that is dispensed to the tool-~vorkpiecr 
interCace by a compressed air flow. It has been 
found that MQL reduces the friction coefficient and 
d prnM- 
conditions. 
Several experimental studies have investigated the 
potential of dry drilling [2,3] and drilling under MQL 
[4,s]. ln summaryit appears that dry drillingrequired 
the use of coated cutting tools in order to be success- 
ful and that MQL drilling demonstrated a premising 
performance in terms of tool life and quality of the 
drilled hole. The choice of an oil that is biodegradable 
as the !ubricant is the recommended option in order 
to minimize environmental impact. Since mineral oil 
does not easily biodegrade, a synthetic ester is gener- 
ally chosen for MQL applications althoughvegetable 
oil is another potential option. This oil has a high vis- 
cosity index, high lubricity, high flash point, low 
evaporation loss, high biodegradability, and  low 
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Fig. 11 Subsurface hardness variations after drilling 
Ti-6Al-4%' using MQLSE 
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Fig. 12 Subsurface hardness variations after drilling 
Ti-6A1-4V using MQLPO 
over-ageing due to localized heating during the dd- 
ling pxocess. A steep increase in the microhardness 
values can be seen in the depth range between 0.025 
and 0.2 mm for both MQLSE and MQLPO conditions. 
These values are greater than the average bulk mate- 
rial hardness. This reveals that the machined surface 
layer is  subjected to the maximum work hardening 
effect. Increments in both the cutting speed and 
feed rate lead to an increase in the strain hardening 
index causing hardening of the machined surface 
region. The maximum values of microhardness 
recorded by the MQLPO are lower than thoserecorded 
for the MQLSE condition. This may be a result of the 
machined surface produced by the MQLPO being 
slightly disturbed which lead to the low microhardness 
value. The hghviscositylevel of the palm oil allowsitto 
lubricate more efficiently thus reducing the coefficient 
of friction which, in turn leads to the lower value for 
the microhardness. 
3.6 Subsurface deformation 
In general, the subsurface microstmctures are 
deformed towards to the spindle rotational direction. 
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Fig. 13 Subsurface deformation after drilling Ti-6Al- 
4V at a cutting speed of 100 mlmin and feed 
rate of 0.1 mmlrev using MQLSE 
Fig. 14 Subsurface deformation after drilling Ti-6A1- 
4V at a cutting speed of 100 mlmin and feed 
rate of 0.1 mmlrev using MQLPO 
Figures 13 and 14 showimages of the subsurface defor- 
mation produced when drilling Ti-6Al-4V. It can 
be seen from these figures that machining at higher 
cutting speeds and feed rates produces a deeper and 
heavily plastically defonnedlayer and structure. At this 
condition, the temperature at the tool-chip interface 
increases and thus a sticking £riction region occurred. 
Therefore, the combination of a high cutting temper- 
ature and sticking friction create severe subsurface 
plastic deformation. The application of MQLPO 
reduces the extent of the subsurface deformation 
layer. This can be attributed to the fact that the cutting 
forces and temperature during the drilling of Ti-6Al-4V 
decrease and this, in turn, decreases the rate of thermal 
softening of the workpiece. 

